Polyvinyl-alcohol-degrading bacteria were isolated from the fruit of a grape in Yokosuka, Japan. The isolated strain, Zumi 37 T , was a Gram-stain-negative, rod-shaped, motile, non-spore-forming and strictly aerobic chemo-organotroph, showing optimal growth at pH 7.5, 30 6C and 0.1 % (w/ v) NaCl. The major respiratory quinone was Q-8. The predominant fatty acids were iso-C 15 : 0 , C 16 : 0 and C 16 : 1 v7c. The major polyamines were homospermidine and putrescine. The predominant polar lipids were diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. The DNA G+C content of the novel strain was 64.2 mol%. 16S rRNA gene sequence comparison revealed that strain Zumi 37 T belongs to the family Sinobacteraceae within the class Gammaproteobacteria. Steroidobacter denitrificans DSM 18526 T was the most closely related species with a validly published name, with 98.0 % similarity based on 16S rRNA gene sequence comparison (and showed less than 87.5 % sequence similarity to members of the genera Alkanibacter, Fontimonas, Hydrocarboniphaga, Nevskia and Solimonas with known 16S rRNA gene sequences). Phenotypes for growth under aerobic conditions and on complex media and major fatty acid composition, differed greatly from those of with comparatively high 16S rRNA gene sequence similarity. Based on phylogenetic, phenotypic and chemotaxonomic evidence, it is proposed that strain Zumi 37 T represents a novel species in a new genus for which the name 
Polyvinyl alcohol (PVA), a water-soluble synthetic polymer, has excellent film-forming, emulsifying and adhesive properties. It is also resistant to oil, grease and solvents. PVA may be the only biodegradable polyvinyl-type synthetic polymer. A variety of micro-organisms, such as members of the genera Pseudomonas, Sphingomonas and Sphingopyxis, able to assimilate PVA have been reported (Kawai & Hu, 2009 ). We searched for novel PVAdegrading micro-organisms from plants, sewage and soil samples and isolated new strains. Phylogenetic analyses using 16S rRNA gene sequences demonstrated that one novel organism belonged to the class Gammaproteobacteria and was related to members of the genus Steroidobacter (98 % gene sequence similarity). The genus Steroidobacter comprises Gram-stain-negative, mesophilic and neutrophilic organisms that utilize both oestradiol and testosterone as sole sources of carbon. Growth occurs on only a limited number of organic substrates. No aerobic or anaerobic growth on liquid or solid complex media usually used is seen (Fahrbach et al., 2008) . However, phylogenetic, physiological, biochemical and chemotaxonomic analyses clearly showed that the novel strain should be classified as representing a novel species within a new genus.
Various samples (plants, sewage and soil) collected in Yokosuka, Japan, were mixed with sterilized water in a vortex tube and allowed to stand for 10 min. These supernatants underwent enrichment culture in PVA-degrading medium that contained 0.1 % PVA (Kuraray), 0.01 % yeast extract, 0.02 % NH 4 NO 3 , 0.14 % K 2 HPO 4 , 0.027 % KH 2 PO 4 , 0.025 % MgSO 4 . 7H 2 O, 0.005 % CaCl 2 . 2H 2 O, 0.002 % FeSO 4 . 7H 2 O, 0.05 % NaCl and 1 p.p.m. pyrroloquinolone quinone, incubated at 30 u C for 10 days. PVAdegrading ability was measured with the iodine titration method of Finley (1961) . Sphingopyxis sp. strain 113P3 was used as the standard PVA-decomposing strain (Hu et al., 2007) . The culture solution with degrading activity was diluted and spread onto a PVA plate (PVA-degrading medium with 1.5 % agar) and incubated at 30 u C for 5 days. Strain Zumi 37
T with PVA-degrading activity was isolated from plants in the rear garden of the Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Yokosuka, Japan. MLB medium [modified from LuriaBertani medium; 1.0 % (w/v) tryptone (Difco), 0.5 % (w/v) yeast extract (Difco), 0.01 % NaCl] was used for routine cultivation of the isolates and for most of the phenotype tests. Unless otherwise indicated, the physiological tests were performed following the general procedures described by Barrow & Feltham (1993) . Steroidobacter denitrificans DSM 18526
T was used as the reference strain. Strain Zumi 37
T , maintained on Steroidobacter medium (DSMZ medium no. 1116, http://www.dsmz.de/catalogues/cataloguemicroorganisms/culture-technology/list-of-media-formicroorganisms.html), was incubated anaerobically for 2 or 3 weeks at 30 u C (Fahrbach et al., 2008) and stored at 280 u C.
The growth of Zumi 37
T was assessed on MLB, TSA (Difco), R2A (Difco) and nutrient agar (Difco) plate media and Steroidobacter medium. The morphology of living and non-living stained cells was determined by light microscopy and transmission electron microscopy, respectively. For negative staining, a drop of a culture was placed on a copper grid coated with Pioloform and carbon and stained with 1 % potassium phosphotungstic acid adjusted to pH 6.5 with potassium hydroxide. The negatively stained cells were observed with a model JEM-1210 transmission electron microscope (JEOL) at an accelerating voltage of 80 kV. Gram staining was determined as described by Barrow & Feltham (1993) . Growth under anaerobic conditions was tested on MLB agar plates with MLB addition for 10 days with the Anaeropack system (Mitsubishi Gas Chemical).
The cells of Zumi 37
T were rods, 0.3-0.5 mm wide and 1.0-3.0 mm long (Fig. S1 , available in the online Supplementary Material), Gram-stain-negative, strictly aerobic, non-sporeforming and motile by means of a single polar flagellum. Growth occurred on MLB, R2A and nutrient agar, but was weak on TSA plates. However no growth occurred on Steroidobacter medium. Colonies were light brown in colour, smooth, circular and 2.0-4.0 mm in diameter after 3 days of incubation at 30 u C on MLB.
The effects of temperature, NaCl concentration and pH on cell growth were determined by examining the time-course of optical density at 660 nm (temperature gradient incubator with a bio-photorecorder, model TVS126MA, Advantec). Growth at 5-50 u C was tested in MLB. Cell growth was observed at 13 and 33 uC (optimum 30 uC), but not at temperatures above 37 u C. Growth at various NaCl concentrations (0, 0.05, 0.1, 0.2, 0.5, 1, 2, 3, 4, 5 % w/ v) was examined using MLB medium with incubation at 30 u C. Cell growth was observed at NaCl concentrations of 0 % and 0.5 % (optimum 0.1 %), but not in the presence of more than 1 % NaCl. Growth at various pH values (5.0-10.0 in increments of 0.5 pH units) was measured in MLB medium with incubation at 30 u C. Cell growth was observed at pH 6.5 and 9.0 (optimum pH 7.0), but not at pH 6.0 or at pH 9.5 or over.
The capacity of Zumi 37
T to degrade anthracene and phenanthrene was tested in polycyclic aromatic hydrocarbon (PAH)-degrading medium that contained 0.1 p.p.m. PAH, 0.1 % yeast extract, 0.02 % NH 4 NO 3 , 0.14 % K 2 HPO 4 , 0.027 % KH 2 PO 4 , 0.025 % MgSO 4 . 7H 2 O, 0.005 % CaCl 2 . 2H 2 O, 0.002 % FeSO 4 . 7H 2 O, 0.1 % NaCl and 1 p.p.m. pyrroloquinolone quinone. Duplicate aliquots of the medium (10 ml) were prepared in 50 ml vials, inoculated with cells and sealed with Teflon-coated butyl rubber septa and screw-type caps and then incubated at 30 u C with shaking. Aliquots of non-inoculated medium were incubated similarly and served as controls. After incubation for 10 days, 1 ml ethyl acetate was added to 1 ml of the culture in a 2 ml tube and mixed for 10 min to extract PAH. After centrifugation (5000 g, 10 min), 500 ml of ethyl acetate containing the PAH was transferred to a fresh tube and dried in a rotary evaporator. Then the dried residues were dissolved in 100 ml methanol for HPLC analysis (Zhao et al., 2009) . Acid production from sugars was assessed using modified OF medium (Hugh & Leifson, 1953) containing 1 % tryptone, 0.5 % yeast extract (Difco), 0.05 % Tris, 1 % test sugar and 0.003 % bromothymol blue (pH adjusted to 7.2 at 20 u C) with incubation at 30 u C. Oxidase activity was determined by spreading cell pellets on oxidase test paper (Nissui Pharmaceutical). Hydrolysis of gelatin, casein, starch, tri-n-butyrin, chitin and aesculin was detected on MLB plates using substrate concentrations of 1 % (w/v). DNase activity was assessed using DNase Test Agar (Difco). Hydrogen sulfide production from thiosulfate and the production of indole were assessed using sulfide indole motility agar (Nissui Pharmaceutical). Susceptibility of the strain to antibiotics was tested using MLB plates and 6 mm sensitivity discs (Becton Dickinson) according to the manufacturer's instructions. The following antibiotics were examined: ampicillin (10 mg), chloramphenicol (30 mg), cefotaxime (30 mg), ciprofloxacin (5 mg), clindamycin (2 mg), erythromycin (15 mg), gentamicin (10 mg), penicillin (10 IU), polymyxin B (300 mg), rifampicin (5 mg), tetracycline (30 mg) and vancomycin (30 mg). The effects of antimicrobial compounds on cell growth were assessed after 2 days at 30 u C. The diameter of the inhibition zone was used to judge susceptibility according to the manufacturer's manual.
Zumi 37
T could degrade PVA, anthracene and phenanthrene. Detailed results from the phenotypic and biochemical tests are given in the species description and shown in Table 1 .
Chromosomal DNA was purified using the phenol extraction method (Saito & Miura, 1963) . The DNA G+C content was determined using reversed-phase HPLC (Tamaoka & Komagata, 1984) . The 16S rRNA gene sequence of Zumi 37
T was obtained by direct sequencing of PCR-amplified DNA as described previously (Uchida et al., 2012) . The resulting 16S rRNA gene sequence (1508 nt) of Zumi 37 T was compared with available 16S rRNA gene sequences from the DDBJ using the BLAST program (http://blast.ddbj.nig.ac.jp/blastn?lang=ja) to determine an approximate phylogenetic affiliation, and gene sequences were aligned with those of closely related species using the CLUSTAL_X software program (Thompson et al., 1997) . In addition, sequence similarity values were calculated using the GENETYX-MAC program version 17.0.2 (SDC Software Development) between the novel strain and other related taxa. Phylogenetic trees were reconstructed using three different methods, the neighbour-joining, maximum-likelihood (ML) and maximum-parsimony (MP) algorithms, which are available in MEGA 5.2 software (Tamura et al., 2011) . Bootstrap analysis to evaluate the stability of phylogenetic trees was performed by obtaining a consensus tree based on 1000 randomly generated trees (Felsenstein, 1985) .
All major branching nodes were confirmed using the ML and MP methods (data not shown) and confirmed the robust nature of this group of organisms, the branching order and high bootstrap values. The results of the phylogenetic analyses indicated that the novel organism belonged to the class Gammaproteobacteria, order Xanthomadales, family Sinobacteraceae (Fig. 1) The generally recommended and accepted criteria for delineating bacterial species state that strains with a DNA-DNA relatedness of less than 70 % as measured by hybridization or with 16S rRNA gene sequence dissimilarity greater than 1 % are considered to represent separate species (Stackebrandt & Ebers, 2006) . For analysis of relatedness, DNA-DNA hybridization was carried out at 50 u C for 3 h and measured fluorometrically using the method of Ezaki et al. (1989) . The DNA-DNA hybridization values between Zumi 37 T and Steroidobacter denitrificans DSM 18526 T were less than 17 % (reciprocal 15 %), and therefore this strain was identified as representing a novel species.
Cellular fatty acids analysis used the cell of strain Zumi 37 T and Steroidobacter denitrificans DSM 18526 T cultivated at the stationary growth phase. Cells were washed twice with 0.7 % NaCl at 4 u C. The fatty acids of these strains were obtained from cells by saponification, methylation and extraction using the Sherlock Microbial Identification System (MIDI, 1999) . Fatty acid compositions were determined using a Finnigan TRACE DSQ GC-MS system (Thermo Fisher Scientific) equipped with a DB-5 column (J&W Scientific) under a helium flow of 1.5 ml min 21 and an oven temperature program increasing from 140 u C (5 min) to 280 u C (5 min) at 4 u C min
21
.
The whole-cell fatty acid profile of the isolated strain Zumi 37 T was as follows: C 11 : 0 (5.9 %), iso-C 12 : 0 (1.6 %), C 12 : 0 (2.3 %), iso-C 13 : 0 (2.5 %), iso-C 14 : 0 (1.3 %), C 14 : 0 (1.1 %), iso-C 15 : 0 (18.7 %), iso-C 16 : 0 (13.0 %), C 16 : 1 v7c (40.0 %), Losey et al. (2013) , Liu et al. (2011) , Palleroni et al. (2004) and Sheu et al. (2011) . Summed feature 3 is composed of iso-C 15 : 0 2-OH, C 16 : 1 v6c and/or C 16 : 1 v7c. Summed feature 8 is composed of C 18 : 1 v9c, C 18 : 1 v7c and C 18 : 1 v6c. +, Positive; 2, negative; ND, not determined or no data available. All strains were reported to be rod-shaped, Gram-stain-negative, catalase-positive and containing Q-8 as the major isoprenoid quinone. C 16 : 0 (4.7 %), iso-C 17 : 1 v10c (5.1 %), iso-C 17 : 0 (1.4 %), C 12 : 0 3-OH (1.3 %) and iso-C 13 : 0 3-OH (1.2 %) (Table  S1) . From these results, the common feature of the isolate and members of the related genera Fontimonas and Hydrocarboniphaga is that iso-C 16 : 0 is the predominant fatty acid (Table 1) .
Characteristic
It is possible that minor perturbations are a result of different incubation temperatures, an unavoidable aspect given the different temperature optima of the various organisms. However, there are very few common features of the main fatty acid composition of Zumi 37 T and Steroidobacter denitrificans DSM 18526 T .
Isoprenoid quinones and polar lipids were extracted from the isolated strain cultured in MLB at 30 u C for up to 2 days. Cells were washed twice with 0.7 % NaCl at 4 uC. Isoprenoid quinones were extracted with chloroform/ methanol (2 : 1) from dried cells (200 mg), purified on TLC and analysed using reversed-phase HPLC according to the methods described previously (Nogi et al., 2005) . Standard ubiquinones (Q-6, Q-7, Q-9, Q-10) were obtained from Sigma. The isolated strain contained Q-8 that is commonly found in species belonging to the order Xanthomadales (Table 1) . Polar lipids were extracted using the procedures described by Minnikin et al. (1984) and identified using two-dimensional TLC followed by spraying with the appropriate detection reagents (Komagata & Suzuki, 1987) . Polar lipid analysis of Zumi 37 T showed the presence of phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and small amounts of unidentified phospholipid, aminolipid and polar lipids (Fig. S2) .
Cell biomass for the analysis of polyamines was produced from Zumi 37 T and three reference strains. Strain Zumi 37 T was incubated in MLB for 48 h at 28 u C, Steroidobacter denitrificans DSM 18526 T was incubated in DSMZ medium no. 1116 (heptanoate) for 3 weeks at 28 u C, Hydrocarboniphaga daqingensis NBRC 104238 T was incubated in R2A (Difco) for 7 days at 30 u C and Nevskia soli NBRC 106401 T was incubated in R2A for 3 days at 28 u C and then cells were washed twice with 0.7 % NaCl at 4 u C. For the polyamine analysis, cells were homogenized in 0.5 M perchloric acid and centrifuged (6500 g, 10 min) (Hamana & Takeuchi, 1998) . Polyamines in the resultant supernatant were analysed by HPLC on an L-6000 high-speed liquid chromatograph (Hitachi) as described previously (Hamana et al., 1994 Fontimonas thermophila HA-01 T (JN415769)
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Povalibacter uvarum Zumi37 T (AB548216) Povalibacter uvarum gen. nov., sp. nov.
predominant component spermidine and that of N. soli NBRC 106401 T had the predominant components spermidine and putrescine (Table S2 ). The polyamine pattern of the novel strain completely differed from those of the reference strains. This is the first report on the occurrence of homospermidine as a major polyamine within gammaproteobacteria (Hamana & Takeuchi, 1998; Hamana et al., 2000 Hamana et al., , 2007 .
Based on the distinctive genotypic, chemotaxonomic and other phenotypic characteristics, strain Zumi 37 is considered to represent a new genus and novel species within the class Gammaproteobacteria, for which the name, Povalibacter uvarum gen. nov., sp. nov. is proposed. The type species is Povalibacter uvarum. The DNA G+C content of the type strain of the type species is 64.2 mol%.
Description of Povalibacter uvarum sp. nov.
Povalibacter uvarum (u.va9rum. L. gen. n. uvarum of grapes, referring to the source of isolation).
Exhibits the following properties in addition to those given in the genus description. Cells are rod-shaped; cell width ranges from 0.3 to 0.5 mm, and cell length ranges from 1.0 to 3.0 mm. Colonies are light brown in colour, smooth, circular and 2.0-4.0 mm in diameter after 3 days of incubation at 30 u C on MLB. Growth occurs at 13-33 u C (optimum 30 u C), at pH 6.5 and 9.0 (optimum pH 7.0) and at NaCl concentrations of up to 0.5 % (w/v) (optimum 0.1 %). Degrades PVA, anthracene and phenanthrene. DNase-positive. Sensitive to ampicillin, chloramphenicol, gentamicin, polymyxin B, rifampicin, tetracycline and vancomycin but resistant to cefotaxime, ciprofloxacin, clindamycin, erythromycin and penicillin. The organism tests negative for agarase, chitinase and proteinase and produces 
